For a monostatic radar, the received power from a distributed target is, mathematically, related to cr°by an integral equation, the radar equation, as expressed by eq. (1) P, X2Go2 g2(ao, #., e) The radar illumination geometry is illustrated in Fig.l . Notice that o"°, g2, and R are the functions of radar coordinates (0,,, #,,) , and the integration is carried out over the illuminated area A. The received power P, is a fimction of incidence angle e, as indicated in (1). 
Equation ( In section 2, we discuss the possible solutions and propose our approach. In sections 3-5, we describe the proposed procedure in detail. In section 6, we present two examples, and in section 7, we give a summary along with our conclusion.
1. In this report, an antenna is considered as "wide-beam" iftbe error in the estimate of a°by eq. (3) is too large to be accepted. Otherwise, it is narrow-beam. These terms really involve three factors: antenna beamwidth, variation of cr°, and error tolerance in estimating _r°. 
A more accurate estimate of o°can be obtained by adding this error term to o°,
where/_(0_) is the estimate of E(ek) and all terms in (5) and (6) 
Exponential Model: A Piecewise-Linear Approximation
In order to estimate the narrow-beam approximation error via (4), a parameterized o°model as the function of incidence angle must be chosen. 
where Am(Ok) is the equivalent area as in (2). Fig.3 gives a concise illustration of the above discussion. Next, we discuss the parameter estimation procedure in detail.
As

Problem description
Comparing (4) with (8) In (9), the error is calculated in dB because cr°changes drastically with incidence angles. In addition, some kind of weighting can be incorporated into the expression to emphasize part of the measured data. 
Lookup table method
Various two-dimensional minimum-finding procedures can be used to find the minimum solution of (9), but three factors must be taken into account:
a. Does the procedure converge each time?
b. Does it converge to the global minimum each time.'?
c. How fast does it converge?
It is not always easy to answer these questions. is still calculated from (8) but instead of using the model in (7), the normalized model
is used in the expression.
With the above notations, the problem can be restated as (10) min o _ = min,,ro-a+°, 2
A,B A,B = rain ( rain tto ,.°. -o._tt 2)
The significance of (11) 
Generation of lookup table
Parameter estimation
The parameter estimation procedure is straightforward once the lookup table is made. Step 1
Step 2
Calculate o"°vector from measured data using (3). 
Ai= _ which can be proven easily, as shown in following analysis.
For a fixed Bi, we want to find the optimum parameter Ai that minimizes the 
Differentiate (15) and let the result equal zero, we get (13).
Step 3 
Estimation of Backscattering
Coefficient o°G enerally, the angle response of o"°can be divided into two regions (see (7)), by either inspecting {cr°(0i)} or trying different segmentations and finding a suitable division that yields minimum combined D'. After the model parameters for each region are determined, the corresponding error vectors can be used to correct the narrow-beam approximation errors on the measured data I cr°(e_)}. However, the correction at those incidence angles near the intersection of the two fitted model segments might not be as accurate as for other angles. A better procedure is to use the combined model to directly calculate the error vector. With the fitted parameters, the combined model is
The combined model is again used in (8) to calculate the error of the narrow-beam
where o°(0k) comes from (8) using the combined model (17). Because E(Ok) reflects the effect of the illumination integral (1), we can expect a better estimate of tr°to be
We call d°as corrected o°because unlike tr°(uncorrected), a correction factor, E(O), has been added to overcome the error of the narrow-beam approximation.
Results
The proposed procedure has been tested on different types of data, and in this section two examples are given to show the performance of the procedure. In the first example, the procedure was used on data obtained by sampling the curves labeled "measured o°'' in Fig.2 Two radar systems were used to record data simultaneously during the CRREL 1989 experiment. One radar was a FM-CW system with an antenna of 3°beamwidth, and another was a step-fa_quency system with an antenna of 15" beamwidth. Table   PROGRAM 
